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NATIONAL FOREWORD 

This Indian Standard which is identical with IEC 1 330 ( 1 995 ) 'High-voltage/low-voltage prefabricated substations' 
issued by the International Electrotechnical Commission (IEC) was adopted by the Bureau of Indian Standards 
on the recommendation of High-Voltage Switchgear and Controlgear Sectional Committee (ET 08) and approval 
of the Electrotechnical Division Council. 

In the adopted standard certain terminology and conventions are not identical to those used in Indian Standards. 
Attention is especially drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be read as 
'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice is to 
use a point (.) as the decimal marker. 

Only the English language text in the International Standard has been retained while adopting it in this 
Indian Standard. 

In this adopted standard reference (normative) appears to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards which are to be substituted in their place are 
listed below along with their degree of equivalence for the editions indicated : 



International Standard 

IEC 50 ( 151) : 1978 International 
Electrotechnical Vocabulary (IEV) 

— Chapter 151 : Electrical and 
magnetic devices 

IEC 50 (441 ) : 1 984 International 
Electrotechnical Vocabulary (IEV) 

— Chapter 441 : Switchgear, 
controlgear and fuses 

IEC 60 - 1 : 1 989 High-voltage 
test techniques — Part 1 : General 
definitions and test requirements 

IEC 71 - 2 : 1976 Insulation co- 
ordination — Part 2 : Application 
guide 

IEC 76-1 : 1993 Power transfor- 
mers — Part 1 : General 

IEC 76 - 2 : 1993 Power transfor- 
mers — Part 2 : Temperature rise 

IEC 243-1 : 1988 Methods of 
test for electric strength of solid 
insulating materials — Part 1 : 
Tests at power frequencies 



Corresponding 
Indian Standard 

IS 1885 ( Part 74 ) : 1993 Electro- 
technical vocabulary : Part 74 
Electrical and magnetic devices 

IS 1885 ( Part 17 ) : 1979 Electro- 
technical vocabulary : Part 17 
Switchgear and controlgear 
( first revision ) 

IS 2071 ( Parti ) : 1993 High 
voltage test techniques : Part 1 
General definitions and test require- 
ments (second revision) 

IS 3716 : 1978 Application guide 
for insulation coordination 
( first revision ) 

IS 2026 ( Part 1 ) : 1977 Power 
transformers : Part 1 General 
( first revision ) 

IS 2026 (Part 2) : 1977 Power 
transformers : Part 2 Temperature 
rise 

IS 2584 : 1963 Method of test for 
electric strength of solid insulating 
materials at power frequencies 



Degree of 
Equivalence 

Identical 



Modified 



Identical 



do 



Not Equivalent 



do 



do 
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Indian Standard 

HIGH-VOLTAGE/LOW-VOLTAGE PREFABRICATED 

SUBSTATIONS 

1 General 

1.1 Scope 

This International Standard specifies the service conditions, rated characteristics, general 
structural requirements and test methods of prefabricated substations, which are cable 
connected, to be operated from inside or outside for alternating current of primary rated 
voltages above 1 kV and up to and including 52 kV 1> , and for a transformer of maximum power 
1 600 kVA, for service frequencies up to and including 60 Hz for outdoor installation in 
locations with public accessibility. 

Prefabricated substations can be situated at ground level or partially or completely below 
ground level. 

As no basic generally accepted IEC or ISO standards are available concerning ageing or 
corrosion, requirements covering these aspects are not included in this standard. 

1 .2 Normative references 

The following normative documents, contain provisions which, through reference in the text, 
constitute provisions of this International Standard. At the time of publication, the editions 
indicated were valid. All normative documents are subject to revision, and parties to 
agreements based on this International Standard are encouraged to investigate the possibility 
of applying the most recent editions of the normative documents indicated below. Members of 
IEC and ISO maintain registers of currently valid International Standards. 

IEC 50(151): 1978, Internationa! Electrotechnical Vocabulary (IEV) - Chapter 151: Electrical 
and magnetic devices 

IEC 50 (441): 1984, International Electrotechnical Vocabulary (IEV) - Chapter 441: Switchgear, 
controlgear and fuses 

IEC 60-1: 1989, High-voltage test techniques - Part 1: General definitions and test 
requirements 

IEC 68-2-62: 1991, Environmental testing - Part 2: Tests - Test Ef: Impact, pendulum hammer 
Amendment 1 (1993) 

IEC 71-2: 1976, Insulation co-ordination - Part 2: Application guide 

IEC 76: Power transformers 

IEC 76-1 : 1 993, Power transformers - Part 1: General 



The rated voltage on the secondary side should not exceed 1 kV. 
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IEC 76-2: 1 993, Power transformers - Part 2: Temperature rise 

IEC 76-5: 1 976, Power transformers - Part 5: Ability to withstand short circuit 

IEC 243-1: 1988, Methods of test for electric strength of solid insulating materials - Part 1: 
Tests at power frequencies 

IEC 298: 1 990, AC metal-enclosed switchgear and controlgear for rated voltages above 1 kV 
and up to and including 52 kV 

IEC 354: 1991, Loading guide for oil-immersed power transformers 

IEC 364-4-41: 1992, Electrical installations of buildings - Part 4: Protection for safety - 
Chapter 41: Protection against electric shock 

IEC 439-1 :1 992, Low-voltage switchgear and controlgear assemblies - Part 1: Type-tested and 
partially type-tested assemblies 

IEC 466: 1987, AC insulation-enclosed switchgear and controlgear for rated voltages above 1 
kV and up to and including 38 kV 

IEC 529: 1989, Degrees of protection provided by enclosures (IP Code) 

IEC 551: 1987, Determination of transformer and reactor sound levels 

IEC 664-1: 1992, Insulation co-ordination for equipment within low-voltage systems - Part 1: 
Principles, requirements and tests 

IEC 694: 1980, Common clauses for high-voltage switchgear and controlgear standards 

IEC 726: 1982, Dry-type power transformers 

IEC 905: 1 987, Loading guide for dry-type power transformers 

IEC 947-1: 1988, Low-voltage switchgear and controlgear - Part 1: General rules 

IEC 1 1 80-1 : 1 992, High-voltage test techniques for low-voltage equipment - Part 1: Definitions, 
test and procedure requirements 

ISO 1052: 1982, Steels for general engineering purposes 

ISO 1210: 1992, Plastics - Determination of the burning behaviour of horizontal and vertical 
specimens in contact with a small-flame ignition source 

1 .3 Definitions 

For the purpose of this International Standard, the following definitions apply. For the 
definitions of general terms used in this International Standard, reference is made to 
IEC 50(441). 
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1.3.1 prefabricated substation: Prefabricated and type-tested assembly comprising 
components described in 1.1 and clause 3 of this standard. 

1.3.2 transport unit: Part of a prefabricated substation suitable for shipment without being 
dismantled. 

1.3.3 enclosure: Part of a prefabricated substation providing protection against external 
influences to the substation and a specified degree of protection against approach to or contact 
with live parts and against contact with moving parts. 

1.3.4 compartment: Part of a prefabricated substation enclosed except for openings 
necessary for interconnection, control or ventilation. 

NOTE - A compartment may be designated by the main component contained therein, e.g. transformer, high- 
voltage switchgear and controlgear, low-voltage switchgear and controlgear respectively. 

1.3.5 component: Essential part of the prefabricated substation which serves a specific 
function (e.g. transformer, high-voltage switchgear and controlgear, low-voltage switchgear and 
controlgear, etc.). 

1.3.6 partition: Part of a prefabricated substation separating one compartment from other 
compartments. 

1.3.7 main circuit: All conductive parts of a prefabricated substation included in a circuit 
intended to transmit electrical energy. 

1 .3.8 auxiliary circuit: All conductive parts of a prefabricated substation included in a circuit 
(other than the main circuit) intended to control, measure, signal, regulate, illuminate, etc. 

1.3.9 rated value: Quantity value assigned, generally by the manufacturer, for a specified 
operating condition of a prefabricated substation. [IEV 151-04-03, modified] 

1.3.10 degree of protection: Extent of protection provided by an enclosure against access to 
hazardous parts, against ingress of solid foreign objects and/or against ingress of water and 
verified by standardized test methods. 

1 .3.1 1 ambient air temperature: Temperature, determined under prescribed conditions, of the 
air surrounding the enclosure of the prefabricated substation. 

1.3.12 class of enclosure: Difference of temperature rise between the transformer in the 
enclosure and the same transformer outside the enclosure at normal service conditions as 
defined in 2.1 of this standard. The transformer rated values (power and losses) correspond to 
the maximum rated values of the prefabricated substation. 

1.3.13 transformer load factor: The perxinit value of constant current that can be taken from 
the transformer at constant rated voltage. The basis for the load factor value is not to exceed 
the maximum hot spot temperature and top fluid temperature as given in IEC 76 or the 
maximum hot spot temperature of the insulation class used as given in IEC 726. 
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2 Service conditions 

2.1 Normal service conditions 

2.1.1 Enclosure 

Unless otherwise specified in this standard, the enclosure of the prefabricated substation is 
designed to be used under normal outdoor service conditions according to IEC 694. 

NOTE - The ambient temperature inside the enclosure of the prefabricated substation will be different from the 
ambient tem n erature outside the enclosure of the n rsfabricated substation. 

Inside the enclosure it can be assumed that normal indoor service conditions prevail according 
to IEC 694. 

2.1.3 Low-voltage switchgear and controlgear 

Inside the enclosure it can be assumed that normal indoor service conditions prevail according 
to IEC 439-1. 

2.1.4 Transformer 

A transformer loaded with rated normal current inside an enclosure has a temperature rise 
which is higher than in normal conditions and the temperature limits as defined in IEC 76-2 or 
IEC 726 can be exceeded. 

The service conditions of the transformer will be determined according to the local outside 
service conditions and the class of the enclosure. 

The results will enable the transformer manufacturer or user to calculate its possible derating. 

2.2 Special service conditions 

When a prefabricated substation is used under conditions different from the normal service 
conditions given in 2.1, the following applies. 

2.2.1 Altitude 

Precaution should be taken for the following equipment. 

2.2.1 .1 High-voltage switchgear and controlgear 

For installation at an altitude higher than 1 000 m, refer to IEC 694. 

2.2.1 .2 Low-voltage switchgear and controlgear 

For installation at an altitude higher than 2 000 m, refer to IEC 439-1. 

2.2.1.3 Transformer 

For installation at an altitude higher than 1 000 m, refer to IEC 76-2 or IEC 726. 
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2.2.2 Pollution 



For installation in polluted ambient air, the degree of pollution should be specified according to 
the relevant standards for the following equipment: 

2.2.2. 1 High-voltage switchgear and controlgear 
Refer to IEC 694. 

2.2.2.2 Low-voltage switchgear and controlgear 
Refer to IEC 664-1. 

2.2.2.3 Transformer 

No standard is available. 

2.2.3 Temperature 

For a prefabricated substation situated where the ambient temperature can be significantly 
outside the normal service condition range for the enclosure stated in 2.1, the preferred ranges 
of temperature to be specified should be: 

- 50 °C and +40 n C for very cold climates. 

- 5 °C and +50 °C for very hot climates. 

3 Requirements for components 

The main components of a prefabricated substation are transformer, high-voltage switchgear 
and controlgear, low-voltage switchgear and controlgear, corresponding interconnections 
(cable, busbar or other) and auxiliary equipment. 

The components shall be enclosed, by either a common enclosure or by an assembly of 
enclosures. 

All the components shall comply with their relevant IEC standards: 

- transformers according to IEC 76-1 or IEC 726; 

- high-voltage switchgear and controlgear according to IEC 298 or IEC 466; 

- low-voltage switchgear and controlgear according to IEC 947-1 and IEC 439-1. 

4 Ratings 

The ratings of a prefabricated substation are the following: 

a) rated voltages; 

b) rated insulation levels; 

c) rated frequency and number of phases; 

d) rated normal currents for main circuits; 

e) rated short-time withstand currents for main and earthing circuits; 

f) rated peak withstand currents, if applicable, for main and earthing circuits; 
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g) rated duration of short circuit; 

h) rated supply voltage of operating devices and auxiliary circuits; 

i) rated supply frequency of operating devices and auxiliary circuits; 

j) rated maximum power of the prefabricated substation; 

k) rated transformer power; 

I) rated transformer losses; 

m) rated class of enclosure. 

4.1 Rated voltages 

Refer to IEC 694 for high-voltage switchgear and controlgear. 

Refer to IEC 947-1 and IEC 439-1 for low-voltage switchgear and controlgear. 

4.2 Rated insulation levels 

For high-voltage switchgear and controlgear, refer to IEC 694 and for low-voltage switchgear 
and controlgear refer to IEC 439-1 and IEC 947-1. 

The minimum rated impulse-voltage withstand of the low-voltage switchgear and controlgear 
shall be at least the value given for overvoltage category IV in table 1 of IEC 664-1. Depending 
on the network in different countries, it may be necessary to choose a higher insulation level. 

4.3 Rated frequency and number of phases 

Refer to IEC 694, IEC 947-1 and IEC 439-1 with the addition of the following rated values: 16 
2 / 3 Hz and 25 Hz. 

4.4 Rated normal currents and temperature rise 

4.4.1 Rated normal currents 
Refer to IEC 694 and IEC 439-1. 

4.4.2 Temperature rise 

For the high-voltage switchgear and controlgear, refer to IEC 694. 

For the low-voltage switchgear and controlgear, refer to IEC 439-1. 

Components in a prefabricated substation which are subject to individual specifications not 
covered by the scope of IEC 694 and IEC 439-1 shall not exceed the maximum permissible 
temperatures and temperature rise limits stated in the relevant standard for each component. 

The maximum permissible temperature rise for interconnections are those specified in 
IEC 694 and IEC 439-1 as applicable for contacts, connections and metal parts in contact with 
insulation. For the transformer, the load factor will be taken into account to comply with clause 
2 of this standard. Refer to annex D. Refer to IEC 354 andio IEC 905. 
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4.5 Rated short-time withstand currents 



Refer to IEC 694 for high-voltage switchgear and controlgear, IEC 439-1 for low-voltage 
switchgear and controlgear, IEC 76-5 and IEC 726 for transformers. 

4.6 Rated peak withstand currents 

Refer to IEC 694 for high-voltage switchgear and controlgear, IEC 439-1 for low-voltage 
switchgear and controlgear and IEC 76-5 and IEC 726 for transformers. 

4.7 Rated duration of short circuit 

Refer to IEC 694 for high-voltage switchgear and controlgear, IEC 439-1 for low-voltage 
switchgear and controlgear and IEC 76-5 and IEC 726 for transformers. 

4.8 Rated supply voltage of operating devices and auxiliary circuits 

For high-voltage switchgear and controlgear refer to IEC 694; for low-voltage switchgear and 
controlgear refer to IEC 439-1. 

4.9 Rated supply frequency of operating devices and auxiliary circuits 

For high-voltage switchgear and controlgear refer to IEC 694; for low-voltage switchgear and 
controlgear refer to I EC -439-1. 

4.10 Rated maximum power of the prefabricated substation 

The rated maximum power of 1he prefabricated substation is given by the maximum rated 
values of the transformer for which the substation has been designed. 

The rated values of the transformer are the rated power and the rated total losses of the 
transformer as defined in IEC 76-1 or IEC 726. 

NOTE - The power to be taken from the prefabricated substation can be limited to a value less than the rated 
maximum power according to the class of enclosure and ambient temperature conditions. 

4.11 Rated class of enclosure 

The rated class of the enclosure is the class of the enclosure corresponding to the rated 
maximum power of the prefabricated substation. 

The rated class of the enclosure is used to determine the load factor of the transformer without 
exceeding the temperature limits given in IEC 76 or IEC 726 and described in annex D. 

There are three rated classes of enclosure: classes 10, 20 and 30 corresponding to a 
maximum value of difference of the temperature rise of 10 K, 20 K and 30 K, respectively. 

NOTE - The manufacturer may assign to an enclosure several classes corresponding to different values of 
power and losses of the transformer. These additional classes should be confirmed by test according to 6.2. 
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5 Design and construction 

Prefabricated substations shall be designed so that normal service, inspection and 
maintenance can be carried out safely. 

5.1 Earthing 

An earthing conductor shall be provided to be connected to each component of the 
prefabricated substation. The current density in the earthing conductor, if of copper, shall not 
exceed 200 A/mm 2 for a rated duration of short circuit of 1 s and 125 A/mm 2 for a rated short- 
circuit duration of 3 s. However, its cross-section of area shall be not less than 30 mm 2 . It shall 
be terminated by an adequate terminal intended for connection to the earth system of the 
installation. 

NOTE - If the earthing conductor is not made of copper, equivalent thermal and mechanical requirements 
should be met. 

The continuity of the earth system shall be ensured, taking into account the thermal and 
mechanical stresses caused by the current it may have to carry. The maximum value of earth- 
fault currents depends upon the type of system neutral earthing employed and shall be 
indicated by the user. 

NOTE - As guidance, reference is made to a method of calculating cross-sectional areas of conductors given in 
IEC 298, annex BB. 

Components to be connected to the earthing circuit shall include: 

- the enclosure of the prefabricated substation if it is metallic; 

- the enclosure, if metallic, of the high-voltage switchgear and controlgear from the 
terminal provided for that purpose; 

- the metal screens and the high-voltage cable earth conductors; 

- the transformer tank or metal frame of dry type transformers; 

- the frame and/or enclosure, if metallic, of the low-voltage switchgear and controlgear; 

- the earthing connection of automatic controls and remote control devices. 

If the enclosure of the prefabricated substation is not metallic, the metallic doors and other 
accessible metallic parts of the enclosure may be connected to the earthing circuit. If they are 
connected or, in the case of metallic enclosures, adequate earthing measures around the 
prefabricated substation shall be provided to prevent dangerous touch voltages. 

For the interconnections within the prefabricated substation, fastening by bolting, welding or 
riveting is acceptable for providing electrical continuity between the frame, covers, doors or 
other structural parts provided that it takes into account the thermal and mechanical stresses 
caused by the current it may have to carry. 

5.2 Auxiliary equipment 

For the low-voltage installation inside the prefabricated substation (e.g. illumination, auxiliary 
supply, etc.), refer to IEC 364-4-41 or IEC 439-1, as appropriate. 
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5.3 Nameplate 



Each prefabricated substation shall be provided with a durable and clearly legible nameplate 
which shall contain at least the following information: 

- manufacturer's name or trademark; 

- type designation; 

- serial number; 

- number of this standard; 

- year of manufacture. 

5.4 Degree of protection and internal fault 

5.4.1 Degree of protection 

The protection of persons against access to hazardous parts is necessary and protection of 
equipment against ingress of solid foreign objects and against ingress of water is necessary. 

The minimum degree of protection of the enclosures of the prefabricated substation shall be 
IP23D in accordance with IEC 529. A higher degree of protection may be specified in 
accordance with IEC 529. 

NOTE - During operation of the prefabricated substation from outside, the degree of protection may be reduced. 
Other precautions may be necessary for the protection of persons against approach to hazardous parts. 

5.4.2 Protection of the prefabricated substation against mechanical stress 

The enclosure of a prefabricated substation shall have sufficient mechanical strength and shall 
withstand the following loads and impacts: 

a) roof load: 

- minimum 2 500 N/m 2 (erection loads or other loads); 

- minimum 50 kN on a surface of 600 cm 2 (830 kN/m 2 ) for roofs of a below ground level 
prefabricated substation in traffic locations, e.g. on which a truck can park; 

- snow loads according to the local climatic conditions; 

b) wind loads on the enclosure: 

- wind loads according to IEC 694; 

c) external mechanical impacts on covers, doors and ventilation openings: 

- external mechanical impacts with an impact energy of 20 J. 

Accidental mechanical impacts above this value (e.g. traffic collisions) are not covered by this 
standard and shall be prevented, if necessary by other means provided external to and around 
the prefabricated substation. 

5.4.3 Protection of the environment due to internal defects 

Measures shall be taken to prevent leakage of oil from the prefabricated substation and to 
minimize Xhe danger of fire. 
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5.4.4 Internal fault 

Failure within the prefabricated substation due either to a defect, an exceptional service 
condition or mal-operation may initiate an internal arc. There is little probability of such an 
event occurring in constructions which satisfy the requirements of this standard, but it cannot 
be completely disregarded. 

Such an event may lead to the risk of injury, if persons are present, but with an even lower 
probability. 

It is desirable that the highest practicable degree of protection to persons should be provided. 

The principal objective should be to avoid such arcs or to limit their duration and 
consequences. 

Experience has shown that inside an enclosure faults are more likely to occur in some 
locations than in others. Special attention should be paid to these locations. 

For guidance, a list of such locations and of causes related to the high-voltage switchgear and 
controlgear and their connection to the transformer is given in table A.1 of annex A, columns 1 
and 2. Measures to decrease the probability of internal faults or to reduce the risk are 
recommended in column 3. Examples of measures to limit the consequences of internal faults 
are given in table A.2 of annex A. 

If such measures are considered to be insufficient then a test in accordance with annex A may 
be agreed between the manufacturer and the user. This test covers only the case of an arc 
occurring entirely in air or in another insulating gas within the enclosure of the high-voltage 
switchgear and controlgear and the interconnections, but not within the components of the 
switchgear and controlgear having a separate enclosure, for example switching devices and 
fuses, or within components such as instrument transformers, etc. 

Such a test should be unnecessary on those parts of circuits which are protected by current- 
limiting devices, for example fuses. 

5.5 Enclosure 
5.5.1 General 
The enclosure shall meet the following conditions. 

5.5.1 .1 The degree of protection shall comply with 5.4 of this standard. 

5.5.1.2 Parts of the enclosure made of non-conducting materials shall meet the following 
requirements: 

a) the insulation between non-shielded live parts of the connections between the high- 
voltage switchgear and controlgear and the transformer and the accessible surface of the 
enclosure shall withstand the test voltages specified in 6.1.1.4; 

b) the insulation between the non-shielded live parts of the connections between the high- 
voltage switchgear and controlgear and the transformer and the inner surface of insulating 
parts of the enclosure facing these shall withstand at least 150 % of the rated voltage of the 
prefabricated substation; 
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c) where non-shielded high-voltage connections are used, apart from mechanical strength, 
the non-conducting material shall likewise withstand the test voltages specified in 6.1.1.4. 
The methods specified in IEC 243-1 should be applied to the tests to meet the relevant 
requirements. 

5.5.1 .3 All measures shall be taken in order to avoid any case of deformation which could be caused 
by transport or handling when carried out according to the manufacturer's instructions. 

5.5.1 .4 Means shall be provided to guarantee safe access to operations concerning transformer tap- 
changer or for checking, e.g. by opening a door or, if necessary, by dismantling a cover. 

5.5.1 .5 Cooling of the prefabricated substation shall be by natural ventilation. 

NOTE - Prefabricated substations employing other means of cooling (e.g. forced cooling) should be subject to 
an agreement between manufacturer and user. 

5.5.2 Fire behaviour 

The materials used in the construction of the enclosure of the prefabricated substation shall 
have a minimum level of behaviour against fire occurring inside or outside of the prefabricated 
substation. 

The materials shall be either non-flammable or, if synthetic materials are used, they shall be in 
accordance with 5.5.2.2. 

NOTE - In fire behaviour, only reaction to fire is considered. Fire resistance may be considered, according to 
local regulations, subject to agreement between manufacturer and user. 

5.5.2. 1 Traditional materials 

The following list of materials are considered non-flammable: 

- concrete; 

- metal (steel, aluminium, etc.); 

- bricks; 

- plaster; 

- glass fibre or rockwool. 

5.5.2.2 Synthetic materials 

Synthetic materials shall be tested according to ISO 1210, method A. The behaviour of the 
samples shall comply with FH1 or FH2-80 mm. 

5.5.2.3 Other materials 

The manufacturer shall prove the non-flammability of the materials used which shall be at least 
equivalent to 5.5.2.2. 

5.5.3 Covers and doors 

Covers and doors are part of the enclosure. When they are closed, they shall provide the 
degree of protection specified for the enclosure. When ventilation openings are incorporated in 
covers or doors, reference is made to 5.5.4. 
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Two categories of covers or doors are recognized with regard to access to the compartments 
of the prefabricated substation: 

a) those which need to be opened for normal operation (removable covers, doors). These 
shall not require tools for their opening or removal. They shall be provided with locking 
facilities unless the safety of persons is assured by a suitable interlocking device; 

b) all other covers, doors or roof. They shall be provided with locking facilities or it shall not 
be possible to open or remove them before doors used for normal operation have been 
opened. 

The doors shall open outwards at an angle of at least 90° and be equipped with a device able 
to maintain them in an open position. Below ground-level prefabricated substations require an 
access hatch, providing adequate safety for personnel and the passer-by. It shall be possible 
to operate this hatch by a single person. 

5.5.4 Ventilation openings 

Ventilation openings shall be so arranged or shielded that the same degree of protection as 
that specified for the enclosure is obtained. Such openings may make use of wire mesh or 
similar, provided that it is of suitable mechanical strength. 

5.5.5 Partitions 

The degree of protection of the partition, if any, shall be specified by the manufacturer 
according to IEC 529. 

5.5.6 Provisions for dielectric tests on cables 

Accessibility to the high-voltage cable-boxes or cable test point should be possible in order to 
perform dielectric tests on the cables. 

5.5.7 Accessories 

Adequate space should be provided for keeping of accessories, e.g. earthing devices, levers, 
etc. 

5.5.8 Operation aisle 

The width of an operation aisle inside a prefabricated substation, should be adequate for 
performing any operation or maintenance. The width of such an aisle shall be 800 mm or 
greater. Doors of switchgear and controlgear inside the prefabricated substation shall either 
close in the direction of the exit or rotate such that they shall not reduce the width of the aisle. 
Doors in any open fixed position or mechanical drives protruding from the switchgear and 
controlgear shall not reduce the width of the aisle to less than 50*0 mm. 

5.5.9 Labels 

Labels for warning, manufacturers' instructions, etc. and those according to local standards 
and regulations shall be durable and clearly legible. 
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5.6 Sound emission 



The level of sound emission from a prefabricated substation shall be by agreement between 
manufacturer and user. This agreement shall recognize the requirements of local regulations 
regarding acceptable sound levels. By agreement between manufacturer and user, a test to 
evaluate the effect of the enclosure on the transformer emitted sound may be performed. The 
method of testing shall be in accordance with annex B. 

6 Type tests 

In principle, all the type tests shall be made on a complete prefabricated substation. The type 
tests shall be made on a representative configuration of the components of a prefabricated 
substation. Because of the variety of types, ratings and possible combinations of components, 
it is not practical to make type tests with all the possible configurations of a prefabricated 
substation. The performance of any particular configuration may be substantiated by test data 
of comparable configurations. Components contained in a prefabricated substation shall be 
tested according to the relevant standards (refer to clause 3). 



The type tests and verifications comprise the following. 



Normal type tests: Subclause 

a) tests to verify the insulation level of the prefabricated substation 6.1 

b) tests to prove the temperature rise of the main components 

contained in a prefabricated substation 6.2 

c) tests to prove the capability of the earthing circuits to be subjected 

to the rated peak and the rated short-time withstand currents 6.3 

d) functional tests to prove satisfactory operation of the assembly 6.4 

e) tests to verify the degree of protection 6.5 

f) tests to verify the withstand of the enclosure of the prefabricated 

substation against mechanical stress 6.6 

Special type tests (subject to agreement between manufacturer and user): 

g) tests to assess the effects of arcing due to an internal fault Annex A 
h) tests to verify the sound level of a prefabricated substation Annex B 

6.1 Dielectric tests 

Since the components contained in a prefabricated substation have been type tested according 
to the relevant standards, this subclause applies only to the interconnection between the 
components when the installation conditions can affect their dielectric withstand. Therefore, the 
equipment to be subjected to dielectric tests is as follows: 

- the connection between the high-voltage switchgear and the transformer; 

- the connection between the transformer and the low-voltage switchgear. 
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6.1 .1 Tests on the high-voltage connection 

6.1.1.1 General conditions 

The dielectric tests are not required when the high-voltage connection is made of high-voltage 
cables connected by type-tested earth-shielded connections or by other types of terminations 
which have been type tested on both the high-voltage switchgear and the transformer sides in 
the installation conditions of the prefabricated substation. 

In all other cases, the connection shall be subjected to dielectric tests according to 6.1.1.2 to 
6.1.1.6. 

The tests may be carried out with the transformer replaced by a replica reproducing the field 
configuration of the transformer bushings. 

For the tests, the high-voltage connection is connected to the test supply through the high- 
voltage switchgear. Only the switching devices that are in series in the supply circuit are 
closed. All other switching devices Are open. 

Voltage limiting devices shall be disconnected or, if they are kept as in normal service, the 
dielectric test procedure shall be agreed between manufacturer and user. 

Secondary terminals of current transformers shall be short-circuited and earthed. Voltage 
transformers shall be disconnected. 

6.1 .1 .2 Ambient air conditions during tests 
Refer to IEC 694. 

6.1.1.3 Application of test voltage 

6.1.1.3.1 On the high-voltage connections 

The test voltages shall be applied connecting each phase conductor of the main circuit in turn 
to the high-voltage terminal of the test supply. All other conductors of the main circuit and the 
auxiliary circuits shall be connected to the earthing conductor of the frame, and to the earth 
terminal of the test supply. 

6. 1.1. 3.2 In the case of an enclosure of insulation material 

In order to check compliance with 5.5.1.2 a) accessible surfaces of the enclosure made from 
insulation materials shall be covered on the accessible side with a circular or square metal foil 
having an area as large as possible, but not exceeding 100 cm 2 , which shall be connected to 
earth. The foil shall be placed in the most unfavourable situation for the test. In case of doubt 
about the most unfavourable situation, the test shall be repeated with different situations. 

In order to check compliance with the requirements of 5.5.1.2 b) accessible surfaces of the 
enclosure made from non-conducting materials between the non-shielded connections of the 
high-voltage switchgear to transformer and the inner surface of the non-conducting materials 
of the enclosure shall be subjected to a power-frequency test of 1 50 % of the rated voltage for 
1 min after covering the inner surface of the non-conducting material facing the non-shielded 
connection by an earthed metal foil as described above. 
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6.1.1.4 Test voltage 
Refer to IEC 694. 

6.1 .1 .5 Lightning impulse-voltage tests 

The high-voltage connection equipment shall be subjected to lightning impulse-voltage tests. 
The tests shall be performed with voltages of both positive and negative polarities using the 
standard lightning impulse 1,2/50, according to IEC 60-1. 

Normally, the 15 impulse withstand tests shall be carried out. Fifteen consecutive lightning 
impulses at the rated withstand voltage shall be applied for each polarity. 

The high-voltage connection shall be considered to have passed the test if the number of the 
disruptive discharges on self-restoring insulation does not exceed two for each series of 15 
impulses, and if no disruptive discharge on non-self-restoring insulation occurs. If it is proved 
that tests for one polarity give the most unfavourable results, it is permissible to perform the 
test for this polarity only. 

In the case where non-self-restoring insulation predominates, the conventional impulse-voltage 
withstand test may be applied subject to agreement between manufacturer and user, so as to 
avoid possible damage to the solid insulation. 

During the lightning impulse-voltage tests, the earthed terminal of the impulse generator shall 
be connected to the earthing conductor of the enclosure of the prefabricated substation. 

NOTE - Some insulating materials retain a charge after an impulse test and for these cases, care should be 
taken when reversing the polarity. To allow the discharge of insulating materials, the use of appropriate 
methods, such as the application of impulses of the reverse polarity at lower voltage before the tests, is 
recommended. 

6. 1 . 1 .6 Power-frequency voltage withstand tests 

The high-voltage connection shall be subjected to 1 min power-frequency voltage withstand 
tests in dry conditions in accordance with IEC 60-1. 

The equipment shall be considered to have passed the test if no disruptive discharge occurs. 

During the power-frequency voltage test, one terminal of the test transformer shall be 
connected to earth and to the earthing conductor of the prefabricated substation. 

6.1 .2 Tests on low-voltage connection 

6.1 .2.1 General conditions 

When the low-voltage connection is partially or totally covered by a non-metallic enclosure, it 
shall be covered by a metal foil connected to the frame. The foil shall be applied to all surfaces 
that can be touched by an operator. 
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For the tests, the low-voltage connection is connected to the test supply through the low- 
voltage switchgear. Only the switching devices that are in series in the supply circuit are 
closed. All other switching devices are open. 

6.1 .2.2 Lightning impulse-voltage tests 

The low-voltage connection shall be subjected to lightning impulse-voltage tests. The test 
voltage is specified in table 5 of IEC 664-1 , where the rated impulse-voltage test is chosen in 
accordance with 4.2 of this standard. 

Overvoltage suppressing means shall be disconnected or tests shall be made according to 
IEC 1180-1. 

The 1,2/50 impulse voltage shall be applied three times for each polarity at intervals of 1 s 
minimum. 

The test voltage shall be applied connecting each phase conductor of the main circuit in turn to 
the high-voltage terminal of the test supply. All other conductors of the main circuit and the 
auxiliary circuits shall be connected to the earthing conductor or the frame, and to the earth 
terminal of the test supply. 

There shall be no disruptive discharge during the tests. 

6. 1 .2.3 Verification of creepage distances 

The shortest creepage distances between phases, between circuit conductors at different 
voltages and live and exposed conductive parts shall be measured. The measured creepage 
distance with respect to material group and pollution degree shall comply with the requirements 
in table 4 of IEC 664-1. 

6.1 .3 Dielectric tests on auxiliary circuits 
Refer to the relevant standards. 

6.2 Temperature-rise tests 

The purpose of this test is to check that a design of prefabricated substation enclosure 
operates correctly and does not impair the life expectancy of the substation components. The 
test is to measure the temperature rise of fluid and windings (or windings only for dry type) of 
the transformer and the temperature rise of low-voltage equipment. The test shall demonstrate 
that the temperature rises of 1he transformer inside the enclosure do not exceed those 
measured on the same transformer outside the enclosure by more than the value which defines 
the class of enclosure, e.g. 10 K, 20 K or 30 K. Refer to figures 1 and 2. 

It is not considered necessary to measure the temperature rise of the high-voltage components 
because rating of the transformer to the class of enclosure will result in a practical rating of the 
tiigh-voltage circuits. 

6.2.1 Test conditions 

The enclosure shall be complete with its components positioned as designed for service. The 
doors shall be closed and cable access points sealed to represent service conditions. The 
power and losses of the transformer should be those corresponding to the rated maximum 
power of the prefabricated substation, as defined in 4.10. 
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Transformer and low-voltage equipment temperature-rise tests will be performed 
simultaneously. 

The test will be executed in a room whose dimension, insulation or air condition will keep the 
ambient air temperature of the room at less than 40 °C with a variation not exceeding 
1 K in 1 h reading during the measurement test period. 

NOTE - In the case of an underground prefabricated substation, the test may be performed above ground. 
Experience has proven that the difference in temperature rise is not significant compared to underground. 

6.2.2 Test method 

6.2.2. 1 Connection of supply 

The transformer and switchgear components shall be connected and the low-voltage outgoing 
cable terminals shall be short-circuited. The supply shall be connected to the incoming high- 

wnttana cuilt^hnaor tarminalc 
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6.2.2.2 Application of test currents 

The prefabricated substation circuit is supplied with sufficient current to generate the total 
losses of the transformer, at its reference temperature, using either method defined in 
I EC 76-2 or I EC 726. 

NOTE - This test wi!f require a small percentage of current above the rated current flowing through the 
complete circuit so as to compensate for the transformer no-load loss. 

6.2.3 Measurements 

6.2.3.1 Measurement of the ambient air temperature 

The ambient air temperature is the average temperature of the air surrounding the 
prefabricated substation (for an enclosed substation, it is the air outside the enclosure). It shall 
be measured during the last quarter of the test period by means of at least four thermometers, 
thermocouples or other temperature-detecting devices equally distributed around the 
prefabricated substation at about the average height of its current-carrying parts and at a 
distance of about 1 m from the prefabricated substation. The thermometers or thermocouples 
Snail u€ prot6Ci6u against air currents anu unuue iniiuence Oi uSSi. 

In order to avoid indication errors because of rapid temperature changes, the thermometers or 
thermocouples may be put into small bottles containing about half a litre of oil. 

During the last quarter of the test period, the change of ambient air temperature shall not 
exceed 1 K in 1 h. If this is not possible because of unfavourable temperature conditions of the 
test room, the temperature of an identical prefabricated substation under the same conditions, 
but without current, can be taken as a substitute for the ambient air temperature. This 
additional prefabricated substation shall not be subjected to an undue amount of heat. 

The ambient air temperature during tests shall be more than +10 °C but less than +40 °C. No 
correction of the temperature-rise values shall be made for ambient air temperatures within this 
range. 
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6.2.3.2 Transformer 

The top liquid and average winding temperature rises for liquid-filled transformers shall be 
measured as given in IEC 76-2. The average winding temperature rises for dry-type 
transformers shall be measured as given in IEC 726. 

6.2.3.3 Low-voltage switchgear and controlgear 

The low-voltage switchgear and controlgear temperature rises shall be measured as given in 
IEC 439-1. 

The air temperature in the location where electronic equipment may be installed, shall be 
measured. 

6.2.4 Acceptance criteria 

The prefabricated substation shall be deemed to have passed the temperature-rise test if: 

a) the transformer temperature rises do not exceed the corresponding temperature rises 
measured on the same transformer without an enclosure by more than the temperature 
class of the prefabricated substation; 

b) the temperature/ rises and temperatures of interconnections and their terminals and low- 
voltage switchgear do not exceed the requirements of IEC 694 and IEC 439-1. 

6.3 Short-time and peak withstand current tests on earthing circuits 
Refer to IEC 694 with the addition of the following paragraph: 

The earthing conductor, according to 5.1 , including the terminals intended for connection to the 
earthing system and the earthing connections to the components, shall be designed for a short- 
time current of not less than 6 kA for 1 s. If the short-time current is greater than 6 kA or time 
duration greater than 1 s, a test shall be performed to verify capability to withstand the rated 
short-time and peak withstand current under the neutral earthing condition of the system. 

After the test, some deformation of the earthing conductor and of the connections to the 
components is permissible, but the continuity of the circuit shall be preserved. 

6.4 Functional tests 

It shall be proved that it is possible to perform all the necessary commissioning, operational 
and maintenance activities on the prefabricated substation. 

A typical list of these activities includes: 

- operation of the switchgear and controlgear; 

- mechanical operation of prefabricated substation doors; 

- fixing of insulating barriers; 

- checking of temperature and liquid level of the transformer; 

- voltage indication check; 

- fitting of earthing devices; 

- cable testing; 

- replacement of fuses. 
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If there are interlocks between different components, their function shall be tested. 

6.5 Verification of the degree of protection 

The degree of protection specified in 5.4.1 shall be verified by tests in accordance with the 
requirements specified in IEC 529. 

6.6 Mechanical tests 

The test procedure represents the effects of mechanical stresses on the enclosure caused by 
wind-pressure, roof-loads and mechanical impacts. Refer to 5.4.3. 

6.6.1 Wind pressure 
Verification by calculation. 

6.6.2 Roof loads 
Verification by calculation. 

6.6.3 Mechanical impacts 

Mechanical impact tests shall be performed on external places of the enclosure that are likely 
to be weak, e.g. doors, covers and ventilation openings. Refer to annex C for the test 
procedure. 

7 Routine tests 

The routine tests shall be made on each complete prefabricated substation or on each 
transport unit and, whenever practicable, at the manufacturer's works to ensure that the 
product is in accordance with the equipment on which the type test has been carried out. 

The routine tests and verifications comprise: Subclause 

- voltage tests on auxiliary circuits 7.1 

- functional tests 7.2 

- verification of correct wiring 7.3 

7. 1 Voltage withstand tests on auxiliary circuits 
Refer to the relevant standards. 

7.2 Functional tests 

Functional tests shall be made to ensure compliance with the activities described in 6.4. 

7.3 Verification of correct wiring 

It shall be verified that the wiring conforms with the diagram. 
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7.4 Tests after assembly on site 

Prefabricated substations which are assembled on site shall be tested to ensure correct 
operation in accordance with 7.2 and 7.3. 

8 Guide to the selection of prefabricated substations for service 

For a given duty in service, the prefabricated substation is selected by considering the 
individual rated values of its components required by normal load condition and in the case of 
fault conditions. 

It is desirable that the rated values be chosen as suggested in this standard regarding the 
characteristics of the system as well as its anticipated future development. The complete list of 
ratings is given in clause 4. 

Other parameters, such as local atmospheric and climatic conditions and the use at altitudes 
exceeding 1 000 m, shall also be considered. 

The selection of the class of the enclosure depends on the ambient temperature and load 
factor of the transformer. For a rated class of enclosure, the load factor of the transformer 
depends on the ambient temperature at the substation site. For variable load conditions, a 
correction factor may be applicable according to IEC 354 or IEC 905. 

Annex D may be used to determine the class of the enclosure or the load factor of the 
transformer. 

9 Information to be given with enquiries, tenders and orders 

9.1 Information with enquiries and orders 

When enquiring about or ordering a prefabricated substation, the following information should 
be supplied by the enquirer: 

a) Service conditions: 

minimum and maximum ambient air temperature; any condition deviating from the normal 
service conditions or affecting the satisfactory operation of the equipment, as, for 
example, altitudes higher than 1000 m, rapidly changing temperatures, wind-driven sand 
and snow, the unusual exposure to vapour, moisture, fumes, explosive gases, excessive 
dust or salt (e.g. caused by traffic or industrial pollution), the risk of earth tremors or 
other vibrations due to external causes to the equipment to be delivered. 

b) Particulars and electrical characteristics of the prefabricated substation: 

1) nominal and highest voltages; 

2) rated voltages; 

3) rated maximum power of the prefabricated substation; 

4) frequency; 

5) number of phases; 

6) rated insulation. levels; 

7) rated short-time withstand currents; 
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8) rated duration of short-circuit (if different from 1 s); 

9) rated peak withstand currents; 

10) type of high-voltage and low*-voltage system neutral earthing; 

11) rated values of components (high-voltage and low-voltage swiichgear and 
controlgear, transformer, interconnections); 

12) type of components (e.g. air-insulated cubicle type switchgear and controlgear, 
liquid-immersed transformer); 

13) class of enclosure; 

14) circuit diagrams; 

15) degree of protection of the enclosure; 

16) substation situated below ground level, partially below ground level or at ground 
level; 

17) operated from inside or outside; 

18) material and surface treatment of the enclosure; 

19) mechanical stresses (e.g. snow loads, roof loads, wind pressure, etc.); 

20) maximum admissible dimensions and special requirements affecting the layout of 
the prefabricated substation (general arrangement). 

Beyond these items the enquirer should indicate every condition which might influence the 
tender or the order, as, for example, special mounting or erection conditions, the location of the 
external high-voltage connections, local fire and sound regulations. Information should be 
supplied if special type tests are required. 

9.2 Information with tenders 

The following information should be given by the manufacturer with descriptive matters and 
drawings: 

a) rated values and characteristics as enumerated in items a) and b) of 9.1; 

b) list of type test certificates or reports on request; 

c) constructional features, for example: 

1 ) mass of each transport unit; 

2) total mass of the prefabricated substation; 

3) overall dimensions and the layout (general arrangement) of the prefabricated 
substation; 

4) maximum admissible dimensions of the transformer; 

5) information of the arrangement of the external connections; 

6) transport and installation requirements; 

7) information on operation and maintenance. 

d) list of recommended spare parts which should be procured by the user on request. 

10 Rules for transport, erection, operation and maintenance 

It is essential that the transport, storage and erection of a prefabricated substation or its 
transport units, as well as their operation and maintenance in service, are performed in 
accordance with instructions given by the manufacturer. 
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Consequently, the manufacturer should provide instructions for the transport, storage, erection, 
operation and maintenance of a prefabricated substation. The instructions for the transport and 
storage should be given at a convenient time before delivery, and the instructions for the 
erection, operation and maintenance should be given by the time of delivery at the latest. 

Relevant standards for the different components define particular rules for their transport 
erection, operation and maintenance, and these should be included in the general instructions 
for the prefabricated substation, where applicable. 

The following information is given to supplement these instructions with the most important 
additional instructions to be provided by the manufacturer of the prefabricated substation. 

10.1 Conditions during transport, storage and erection 

A special agreement should be made between manufacturer and user if the service conditions 
specified in the order cannot be guaranteed during transport, storage and erection. In 
particular, instructions should be given to protect insulation against undue moisture absorption 
or irreversible pollution, if the environmental conditions prior to energizing are such that the 
enclosure cannot provide appropriate protection. 

It might also be necessary to give guidance and/or provide special elements to secure 
components such as switchgear and power transformers to avoid any damage due to foreseen 
vibration or shocks during transport. 

10.2 Erection 

For each type of prefabricated substation, the instructions provided by the manufacturer should 
at least include the following points. 

10.2.1 Unpacking and lifting 

The weight of each transport unit, including details of any special lifting devices required for 
safe lifting and unpacking. 

10.2.2 Assembly 

When the prefabricated substation is not fully assembled for transport, all transport units 
should be clearly marked, and drawings showing assembly of these units should be provided. 

10.2.3 Mounting 

The manufacturer should provide all necessary information to enable site preparation to be 
completed, as for example: 

- required civil work of excavation; 

- external earthing terminals; 

- position of the cable access points; 

- connection with external rain water drainage, if any, including size and arrangements of 
piping. 
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1 0.2.4 Final installation inspection 



Instructions for inspection and test of the prefabricated substation after its installation and 
connection which should include at least a list of recommended tests made at site. 

1 0.3 Operation 

Besides the particular operating instructions of each component, the manufacturer should 
provide the following additional information, so that the user can acquire an adequate 
understanding of the main principles involved: 

- a description of the safety features of the prefabricated substation, and a list of any 
special means or toois supplied for safety purposes, and their instructions for use; 

- the operation of ventilation, interlocks and padlocking facilities. 

1 0.4 Maintenance 

The manufacturer shall issue a maintenance manual, including at least the following 
information: 

- complete maintenance instructions for main components, as required in relevant 
standards; 

- maintenance instructions, if any, for the enclosure, including frequency and procedure for 
maintenance. 
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where 



r a1 



is the ambient air temperature of the test room; 
ffl are the transformer temperatures measured according to IEC 76-2; 
Af 1 is the temperature rise of the transformer outside an enclosure. 

Figure 1 - Measurement of transformer temperature rise 
in ambient air: A^ (refer to 6.2) 




where 

f a2 is the ambient air temperature of the test room; 

fg are the transformer temperatures measured according to IEC 76-2; 

Af 2 is the temperature rise of the transformer inside an enclosure; 

Acceptance criteria: Af £ 10 K, 20 K or 30 K 

Af = Af 2 - A*! 

Class 10 : AfS 10 K 

Class 20 : Af£20K 

Class 30 : Af £ 30 K 

Figure 2 - Measurement of transformer temperature rise 
in an enclosure: Af 2 (refer to 6.2) 
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Annex A 

(normative) 



Method for testing the prefabricated substation under 
conditions of arcing due to an internal fault 



Table A.1 - Locations, causes and examples of measures decreasing the probability 

of internal faults or reducing the risk 



Location where internal 

faults are more likely 

to occur 



Possible causes of Internal 
faults 



Examples of measures 



Cable boxes 



Inadequate design 
Faulty installations 

Failure of solid or liquid insulation 
(defective or missing) 



Selection of adequate dimensions 



Avoidance of crossed cable connections 
Checking of workmanship on site 

Checking of workmanship and/or dielectric test 

on site 

Regular checking of liquid levels 

Use of shielded cable connections 



Disconnectors, switches, 
earthing switches 



Mal-operation 



Interlocks 

Delayed re-opening. Independent manual operation 
Making capacity for switches and earthing switches 
Instructions to personnel 



Bolted connections and 
contacts 



Corrosion 



Faulty assembly 



Use of inhibiting coating and/or greases 
Encapsulation, where possible 

Checking of workmanship by suitable means 



Instrument transformers 



Ferro-resonance 



Avoidance of these electrical influences by suitable 
design of the circuit 



Circuit-breakers 



Insufficient maintenance 



Regular programmed maintenance 
Instructions to personnel 



All locations 



Interconnections 



Error by personnel 



Ageing under dielectric stress 

Pollution, moisture, ingress 
of dust, vermin, etc. 



Overvoltages 



Failure of insulation 



Limitations of access by compartmentation 
Insulation embedded live parts 

Instructions to personnel 

Partial discharge routine tests 

Measures to ensure that the specified service 
conditions are achieved (see clause 2) 
Use of gas-filled compartments 
Higher degree of protection 

Lightning protection. Adequate insulation 

coordination 

Dielectric tests on site 



Use of adequate clearances, phase to phase 
and phase to ground 

Use of insulated interconnections, shielded type 
preferred 
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Table A.2 - Examples of measures limiting the consequences 

of internal faults 

Rapid fault clearance times initiated by detectors sensitive to light, pressure or heat or by differential busbar 
protection 

Remote control 

Pressure relief devices 

Application of transformer protection with individual circuit-breaker or suitable fuses in combination with switching 
devices limiting the let-through current and fault duration 

Gas flow control and cooling devices 



A.1 Introduction 

The occurrence of arcs inside a prefabricated substation is coupled with various physical 
phenomena. For example, the arc energy resulting from an arc developed in air at atmospheric 
pressure or in another insulating gas within the enclosure of the switchgear and controlgear will 
cause an internal over-pressure and local overheating which will result in mechanical and 
thermal stressing of the equipment. Moreover, 1he materials involved may produce hot 
decomposition products, either gaseous or vaporous, which may be discharged to the outside 
of the enclosure as well as of the switchgear and the prefabricated substation. 

This standard makes allowance for internal over-pressure acting on covers, doors, inspection 
windows, etc. and also takes into consideration the thermal effects of the arc or its roots on the 
enclosure of the switchgear and controlgear and of ejected hot gases and glowing particles, but 
not damage to partitions and shutters. Consequently, it does not cover all effects which may 
constitute a risk, such as toxic products. The test procedure simulates situations where the 
prefabricated substation is in its normal installation and operational conditions. 



A.2 Types of accessibility 

A distinction is made between the two types of accessibility corresponding to the different test 
conditions given in A.5.3.2 and A.5.3.3. The enclosure may have different types of accessibility 
on its various sides depending on operating conditions. 

Type A: parts of prefabricated substation to be operated from outside and with an 
accessibility restricted to authorized personnel, only with open doors. 

Type B: prefabricated substation with unrestricted accessibility, including that of the 
general public. All doors have to be closed and correctly secured. 
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A.3 Test arrangements 



The choice of the prefabricated substation or representative part of it, as well as the place of 
initiation of the arc, shall be decided upon by agreement. In each case, the following points 
shall be observed: 

- the test should be carried out on a prefabricated substation or a representative part of it 
not previously subjected to arcing; 

- the mounting conditions should be as close as possible to those of normal service; 

- the prefabricated substation or representative part of it should be fully equipped. Mock- 
ups of internal components are permitted provided they have the same volume and external 
material as the original items; 

- the test unit shall be earthed at the point provided if necessary. 

The arc shall not be initiated in such a way that it can be considered unrealistic in service 
conditions. 

Arc initiation should be made: 

- in the high-voltage switchgear and controlgear including its cable compartment to prove 
the effects of the hot decomposition products. If the gas flow coming from an arc inside the 
high-voltage switchgear and controlgear or from its cable compartment is similar, only one 
test is necessary with an arc either in the cable compartment or in the switchgear and 
controlgear; 

- at the outside parts of the transformer bushings if no upstream current limiting individual 
transformer protection is used and the transformer is not connected by ground-shielded 
cable plugs. 

A.4 Current and voltage applied 

A.4.1 General 

The test of the prefabricated substation should be carried out three-phase. The short-circuit 
current applied during the test shall be stated by the manufacturer. It may be equal to or lower 
than the rated short-time withstand current of its high-voltage switchgear and controlgear. 

A.4.2 Voltage 

The applied voltage of the test circuit should be equal to the rated voltage of the high-voltage 
switchgear and controlgear of the prefabricated substation. A lower voltage may be chosen if 
the following conditions are met: 

a) the current remains practically sinusoidal; 

b) the arc is not extinguished prematurely. 
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A.4.3 Current 

A.4.3.1 AC component 

The short-circuit current for which the prefabricated substation is specified with respect to 
arcing shall be set within a "o % tolerance. This tolerance applies to the prospective current 
only if the applied voltage is equal to the rated voltage. The current should remain constant. 

NOTE - If the plant does not permit this, the test should be extended until the integral of the a.c. component of 
the current equals the value specified within a tolerance of § "—■ '" this case, the current should be equal to 
the specified value at least during the first three half-cycles and should be not less than 50 % of the specified 
value at the end of the test. 

A.4.3.2 DC component 

The instant of closing should be chosen so that the prospective value of the peak current (with 
a tolerance of "*o % ) flowing in one of the outer phases is 2,5 times the r.m.s. value of the a.c. 
component defined in A.4.3.1, and so that a major loop also occurs in the other outer phase. If 
the voltage is lower than the rated voltage, the peak value of the short-circuit current for the 
prefabricated substation under test should not drop below 90 % of the prospective peak value. 

A.4.4 Frequency 

At a rated frequency of 50 Hz or 60 Hz, the frequency at the beginning of the test should be 
between 48 Hz and 62 Hz. At other frequencies it should not deviate from the rated value by 
more than ±10%. 

A.4.5 Duration of the test 

The arc duration is chosen in relation to the probable duration of the arc determined by the 
protection facilities and should not normally exceed 1 s. 

For testing prefabricated substations equipped with high-voltage switchgear and controlgear 
provided with pressure relief devices, merely for proving its resistance to pressure, an arc 
duration of 0,1 s is generally sufficient. 

NOTE - It is in general not possible to calculate the permissible arc duration for a current which differs from that 
used in the test. The maximum pressure during the test will generally not decrease with a shorter arcing time 
and there is no universal rule according to which the permissible arc duration may be increased with a lower 
test current. 

A.5 Test procedure 

A.5.1 Supply circuit 

The neutral is only earthed in the case where the prefabricated substation is to be operated in 
a high-voltage solidly earthed network. 
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Care shall be taken in order that the connections do not alter the test conditions. 

Generally, inside the enclosure of the switchgear and controlgear the arc may be fed from two 
directions: the direction to be chosen is the one likely to result in the highest stress. 

A. 5. 2 Arc initiation 

The arc should be initiated between phases by means of a metal wire of about 0,5 mm 
diameter or, in the case of segregated phase conductors, between one phase and earth. 

Where the live parts are covered by solid insulating material, the arc should be initiated 
between two adjacent phases or, in the case of segregated phase conductors, between one 
phase and earth at the following locations: 

a) at joints or gaps of the insulation-embedded parts; 

b) by perforation at insulated joints made on site without the use of type-tested 
prefabricated insulating parts. 

Except for case b) solid insulation shall not be perforated. The infeed from the supply circuit 
shall be three-phase to allow the fault to become three-phase. 

The point of initiation shall be chosen so that the effects of the resultant arc produce the 
highest stresses in the prefabricated substation. In case of doubt it may be necessary to make 
more than one test on each prefabricated substation. 

A.5.3 Indicators (for observing the thermal effects of gases) 

A.5.3.1 General 

Indicators are pieces of black cotton cloth so arranged that their cut edges do not point toward 
the test unit. Care shall be taken to see that they cannot ignite each other. This is achieved by 
fitting them, for example, in a mounting frame of steel sheet (see figure A.1). The indicator 
dimensions should be about 150 mm x 150 mm. 

A.5.3. 2 Accessibility type A 

Indicators should be fitted vertically on the operator side of the high-voltage switchgear and 
controlgear outside the prefabricated substation. 

They should be placed up to a height of 2 m and at a distance of 30 cm ± 5 % from the 
enclosed switchgear and controlgear, facing all points where gas is likely to be emitted (e.g. 
joints, inspection windows, doors). Indicators should also be arranged horizontally at a height 
of 2 m above the floor and between 30 cm and 80 cm from the enclosed switchgear and 
controlgear if the height of the prefabricated substation is more than 2 m (see figure A.2). 

Black cretonne (cotton fabric approximately 150 g/m 2 ) should be used for the indicators. 
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This test is not necessary if the high-voltage switchgear has already been subjected to such a 
type test, under installation conditions similar to those used in the prefabricated substation and 
adequate measures have been taken to prevent the hot gases coming out at the side of 
operation. 

A.5.3.3 Accessibility type B 

Indicators should be fitted vertically on all accessible sides of the prefabricated substation. 

They should be placed up to a height of 2 m and at a distance of 10 cm ± 5 % irom the 
prefabricated substation, facing all points where gas is likely to be emitted (e.g. ventilation and 
doors). Indicators should also be arranged horizontally at a height of 2 m above the floor and 
between 10 cm and 80 cm from the prefabricated substation. If the test unit is lower than 2 m, 
indicators should be placed horizontally on the roof facing all points from where gas is likely to 
be emitted and close to the vertical indicators which, in this case, are only required up to the 
actual heights of the equipment (see figure A.2). 

Black cotton interlining lawn (approximately 40 g/m 2 ) should be used for the indicators. 

A.5.3.4 Combined test 

If a part of a prefabricated substation to be operated from outside has passed the test with 
accessibility type A, e.g. with doors open, that part of the prefabricated substation can also be 
regarded as having passed the test according to accessibility type B, provided that the 
manufacturer can show that when the doors are closed, they are not affected by an increase in 
the air pressure inside the prefabricated substation. If during this test the remaining parts are 
tested according to accessibility type B, the complete substation can be regarded as having 
passed the test according to accessibility type B. 

A.6 Assessment of the test 

The following criteria should be used to record the results of the internal fault test: 

Criterion no 1: 

- whether correctly secured doors, covers, etc. do not open. 
Criterion no 2: 

- whether parts (of the prefabricated substation) which may cause a hazard, do not fly 
off. This includes large parts or those with sharp edges, for example, inspection windows, 
pressure relief flaps, cover plates, etc. 

Criterion no 3: 

- whether arcing does not cause holes to develop in the freely accessible external parts 
of the enclosure of the prefabricated substation as a result of burning or other effects. 

Criterion no 4: 

- whether indicators arranged vertically (A.5.3) do not ignite. Indicators ignited as a 
result of paint or stickers burning are excluded from this assessment. 
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Criterion no 5: 



- whether the indicators arranged horizontally (A.5.3) do not ignite. Should they start to 
burn during the test, the assessment criterion may be regarded as having been met, if 
proof is established of the fact that the ignition was caused by glowing particles rather 
than hot gases. Pictures taken by high-speed cameras should be produced in evidence. 

Criterion no 6: 

- whether all the earthing connections are still effective. 



A.7 Test report 

The following information should be given in the test report: 

- rating and description of the test unit with a drawing showing the main dimensions, 
details relevant to the mechanical strength, the arrangement of the pressure relief flaps and 
the method of fixing the high-voltage switchgear and controlgear to the prefabricated 
substation; 

- arrangement of the test connections; 

- the point and method of initiation of the internal fault; 

- arrangement and material of indicators with respect to the type of accessibility; 

- for the prospective or test current: 

a) r.m.s. value of the a.c. component during the first three half-cycles; 

b) highest peak value; 

c) average value of the a.c. component over the actual duration of the test; 

d) test duration. 

- oscillogram(s) showing currents and voltages; 

- assessment of the test results; 

- other relevant remarks. 
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Dimensions in millimetres 




Figure A.1 - Mounting frame for indicators 
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Figure A.2a - Accessibility - Type A 
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Figure A.2b - Accessibility - Type B 



where 

i is the position of indicators; 

h is the height of the prefabricated substation; 

d A is the horizontal distance of indicators to switchgear and controlgear; 

dg is the horizontal distance of indicators to prefabricated substation; 

SW is the high-voltage switchgear and controlgear; 

PS is the prefabricated substation. 



Figure A.2 - Accessibility types 
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Annex B 

(normative) 

Test to verify the sound level of a prefabricated substation 



B.1 Purpose 

The purpose of the test is to calculate the difference between the sound level of a given 
transformer alone and the sound level of the prefabricated substation containing the same 
transformer. 

Comparison of the two values is an evaluation of the sound behaviour of the enclosure of the 
prefabricated substation. It is expected that the enclosure will not increase the sound level of 
the transformer. 

The test values are only valid for the tested assembly at the rated voltage and frequency. If the 
substation to be used contains different components, parts and/or is connected to a network 
with different supply voltage or frequency, the behaviour of the enclosure may differ. 

B.2 Test specimen 

The transformer used for test shall be of maximum rated power and losses for which the 
prefabricated substation is rated. 

The prefabricated substation tested shall be fully assembled, comprising all fittings and 
equipment. 

B.3 Test method 

The test shall be carried out according to IEC 551 . IEC 551 defines the method of test and 
calculation of an A-weighted sound level along a prescribed contour around the transformer. 
The same method shall be used for measurements on the prefabricated substation where the 
enclosure is the sound-emitting boundary. The method of measurement shall comply with 5.2.1 
of IEC 551 with the exception of the requirement for the measuring device which shall be at 1,5 
m above ground level as defined for the prefabricated substation. 

Both tests on the transformer alone and with the enclosure, shall be made in the same 
environmental conditions, enabling a single environmental correction to be used. 

B.4 Measurements 

These shall be in accordance with 5.2.1 of IEC 551. For the purpose of positioning the 
measuring instruments, the enclosure shall be considered as principal radiating surface of the 
prefabricated substations. 
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B.5 Presentation and calculation of the results 

The sound level shall be calculated in accordance with clause 6 of IEC 551. 

The report of the test shall include all applicable information as given in clause 7 of IEC 551 for 
both configurations: transformer alone, and fully assembled prefabricated substation. 

In addition, for the prefabricated substation configuration, the following information shall also 
be included: 

- main design characteristics of the enclosure, doors, covers and ventilation grids, 
including materials used; 

- dimensioned drawing of the internal arrangement of the components inside the 
enclosure, position and size of doors and ventilation openings, and any other part that may 
significantly influence the sound propagation; 

- particular information shall be given concerning the position of the transformer with 
respect to the enclosure, doors, covers and ventilation openings. 

NOTE - If any sound measurement on any side of the prefabricated substation differs substantially from those 
on the other sides, the test report should record all values to enable the user to take account of the differences 
when installing the prefabricated substation. 
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Annex C 

(normative) 

Mechanical impact test 



C.1 Test for the verification of the resistance to mechanical impact 

The tests shall be performed on the weak points of the exposed parts of the enclosure of the 
prefabricated substation, e.g. covers, doors and ventilation openings. 

The test shall be performed using the test method described in IEC 68-2-62. The impact energy 
shall be 20 J. For horizontal surfaces, a tube placed vertically may be used to guide the striking 
element. 

If a variation in temperature within the normal service conditions significantly affects the 
mechanical impact strength of the material used for parts of the enclosure, e.g. synthetic 
materials, then an impact test shall be performed on those parts at the minimum service 
temperature. 

During the test, the enclosure shall be mounted, according to the manufacturer's instructions 
for use. 

The maximum number of impacts shall be five on each vertical side or on the roof of the 
prefabricated substation. Only one impact shall be applied at the same point. 

To be successful the following criteria shall be met: 

- the degree of protection of the enclosure shall be maintained; 

- operation of control means, handles, etc. shall not be impaired; 

- deterioration of the enclosure or deformations shall neither impair the further use of the 
equipment or decrease its dielectric withstand (or clearance or creepage distances) 
according to the specified values; 

- superficial deterioration, e.g. removal of paint and small depressions are admissible. 



C.2 Apparatus for the verification of the protection against mechanical damage 

The test apparatus consists basically of a pendulum rotating at its upper end in such a way as 
to be kept in a vertical plane. The axis of the pivot is at 1 000 mm above the measuring point 
and the striking element shall comply with the requirements of figure C.1. 

The ratio of the mass of the arm to the combined mass of the striking element shall be not 
greater than 0,2 and the centre of gravity of the striking element shall be on the axis of the arm. 

The distance from the extremity of the striking element to the measuring point shall be 
60 mm ± 20 mm. 
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In order to avoid secondary impacts i.e. rebounds, the hammer shall be retained after the initial 
impact by grasping the striking element while avoiding the arm so that distortion is prevented. 

The striking element insert shall be visually examined before each impact to ensure that there 
is no damage that could affect the result of the test. 

The impacts to which the equipment is subjected are defined by the hammer mass and the 
height of fall, i.e. the distance, measured vertically, between the striking element in its raised 
position and the point of impact. 

The hammer shall have an equivalent mass of 5 kg and the fall height shall be 0,4 m, resulting 
in an impact energy of 20 J. 
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Substation 
enclosure 



Adjustable table 



Movable frame 



Striking element 




where 

impact energy = 20 J; 

equivalent mass = 5 kg ± 5 %; 

head of striking element: according to IEC 68-2-62; 

material of element: FE 490-2, Rockwell hardness according to ISO 1052; 

nominal height of fall = 400 mm ± 1 % 



Figure C.1 - Impact test apparatus 
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Annex D 

(informative) 

Rating of transformers in an enclosure 



The transformer corresponding to the rated maximum power of the prefabricated substation 
can have a different load for different enclosure classes and ambient temperatures. This annex 
gives a method of defining the load factor for either liquid-filled or dry-type transformers. 

D.1 Liquid-filled transformer 

Curves on figure D.1 should be used as follows: 

a) select the line for the class of enclosure; 

b) select the known average ambient temperature for the substation site on the vertical axis; 

c) the intersection of the class of enclosure line and ambient temperature line gives the load 
factor of the transformer. 
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Figure D.1 - Liquid-filled transformer load factor in an enclosure 
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D.2 Dry-type transformer 

Curves in figure D.2 should be used as follows: 

a) select the line for the class of enclosure; 

b) select the known average ambient temperature for the substation site on the vertical axis; 

c) the intersection of the class of enclosure line and ambient temperature line gives the load 
factor of the transformer. 




1,2 



1.1 



0,9 



0,8 



■ Class 30 



Load factor 
— Class 20 - 



Class 10 



No enclosure 



NOTE - A single set of curves is given for ratios of no load/load losses of 1:6 for liquid-filled transformers and 
1 :4 for dry-type transformers. Other values have been considered and no measurable error exists by using one 
curve. The curves are valid for ratios between 1:2 and 1:12. 



Figure D.2 - Dry-type transformer load factor in an enclosure 
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D.3 Example 

Hypothesis: 

Location with a yearly average ambient temperature of 10 °C: 

- average ambient temperature during winter is °C; 

- average ambient temperature during summer is 20 °C; 

- average yearly load required is 900 kVA; 

- average load needed during winter is 1 000 kVA; 

- average load needed during summer is 600 kVA. 

Question 1 

Which rated class of enclosure is required for a 1 000 kVA transformer having 12 kW of total 
losses which will not exceed the maximum hot spot temperature and top liquid temperature in 
the case of a liquid-filled transformer? 

Answer: 

- for a yearly average ambient temperature of 10 °C and load factor of 0,9, figure D.1 
recommends a class 20 enclosure; 

- for a winter average ambient temperature of °C and a load factor of 1,0, figure D.1 
recommends a class 20 enclosure; 

- for a summer average ambient temperature of 20 °C and a load factor of 0,6, figure D.1 
recommends a class 30 enclosure. 

Conclusion 

Only classes 20 and 10 can be chosen for a transformer of 1 000 kVA maximum power and 
12 kW maximum loss. 

Question 2 

With the same hypothesis above, but with a class 30 enclosure, what are the permissible load 
factors for the transformer? 

Answer: 

- for a yearly average ambient temperature of 10 °C and class 30, figure D. 1 gives a 
maximum load factor of 0,77; 

- for a winter average ambient temperature of °C and class 30, figure D.1 gives a 
maximum load factor of 0,89; 

- for a summer average ambient temperature of 20 °C and class 30, figure D. 1 gives a 
maximum load factor of 0,64. 

Conclusion 

If class 30 is chosen, load limitation is necessary on the transformer, except during the 
summer. 
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